INTRODUCTION
It is assumed that porcine circovirus-2 (PCV2) is the primary agent of Postweaning Multisystemic Wasting Syndrome (PMWS), which causes great economic losses in pig breeding. It is known that PCV2 is one of the causal agents of Porcine Respiratory Disease Complex and Porcine Dermatitis and Nephropathy Syndrome (Segales et al., 2000) . PCV2 is also associated with enteritis and Porcine Reproductive and Respiratory Syndrome (Harms et al., 2000) .
PMWS was first described in 1991 in Canada (Harding and Clark, 1997) . The first cases of PMWS in pigs in Europe appeared in the middle of the 1990s. At present, PCV2 infection can be found in all European countries. The first report about PCV2 infection in Lithuania and Latvia was published in 2007 (Stankevicius et al., 2007) .
PCV2 infection is distributed worldwide throughout the domestic pig population, regardless of the health status of the animals ). PCV2 can also be found in clinically healthy pigs. Serological investigations confirmed that the number of passively acquired PCV2 antibodies in the blood of piglets begins to decrease already during lactation and at the beginning of the post-weaning period the antibody level is very low or antibodies are even absent (Roriguez-Arrioja et al., 2002) . However, studies in pig farms of several regions of the world have shown that almost 100% of the animals are PCV2 seropositive at slaughter. These studies revealed that there was nearly no farm without seroprevalent pigs (Larochelle et al., 2003; Lopez-Soria et al., 2005) . It should be noted that PCV2 antibody presence has also been observed in wild boars. Seroprevalence of PCV2 in wild boars was found to be significantly lower than in domestic pig population (Vicente et al., 2004; Reiner et al., 2010; Hammer et al., 2012) . However, average seroprevalence of PCV2 in captive wild boars was very high (84.9%) in Brazil (Barbosa et al., 2014 ).
There have not been any investigations on the distribution of PCV2 seroprevalence in the population of domestic pigs in Latvia. However PCV2 is one of main differential infec-tions for many diseases, and therefore it is very variable in clinical presentation of PMWS and other diseases associated with PCV2.
Pig farming is one of the main areas in Latvian animal husbandry. According to data of the Latvian Statistic Center, there were about 334 082 pigs registered in 2016. Altogether, Latvia has 5473 pig farms, which can be divided in to huge-, large-, medium-, small-and very small-scale farms. Of these, there are 20 huge-scale farms with more than 5001 animals, as well as 21 large-scale farms with 1001 to 5000 animals, 45 medium-scale farms with 101 to 1000 pigs, 579 small-scale farms with 11 to 100 pigs and 4831 very small-scale farms with 1 to 10 pigs (Anonymous, 2017a) . Pig farms in all scales can be found in each of the Latvia regions.
The aim of this study was to investigate the seroprevalence of PCV2 in pigs of different-scale farms located in different regions of Latvia.
MATERIALS AND METHODS
The study was carried out from 2006 to 2016. During this period of time, blood samples from 963 domestic pigs of 58 farms in different Latvian regions were examined serologically for PCV2 antibodies. Out of the 58 farms included in the study, there were 9 huge-scale farms, 9 large farms, 8 medium-scale farms, 14 small farms and 18 very smallscale farms, as described previously (Table 1 ). More often pigs from the largest farms have been tested for PCV2 antibodies. Serological investigations for PCV2 incorporated samples from 42.9% of the large size farms and 45.0% of the huge farms of Latvia (Table 1) . The blood samples were collected from clinically sick animals of different sex and age. Data from routine investigations conducted by the Institute of Food Safety, Animal Health and Environment BIOR were used in the study.
The collected domestic swine serum samples were tested for PCV2 antibodies by using the blocking ELISA, Serelisa PCV2 Ab Mono Blocking kit (Synbiotics, France) and indirect ELISA Ingezim Cirko IgG kit (Ingenasa, Spain). For each test, positive and negative controls included in the commercial kit were used. Samples were tested according to the manufacturer's instructions. For investigation with the Serelisa PCV2 Ab Mono Blocking kit, each serum sample was diluted 1 : 100, using commercial diluent, and added in wells of a microplate, and coated with anti-PCV2 antibodies bound specifically to purified PCV2 antigen. The plate was incubated at +37°C for one hour. Following incubation the plate was washed and 100 µl conjugate (anti-PCV2 Mab with peroxidase) was added to each well. The plate was incubated again for one hour at +37°C. After that, the plate was washed again. Then, 100 µl peroxidase buffered substrate was added to each well and the plate was incubated at +20°C for 20 minutes, shielded from light. The reaction was stopped with Stop solution. The optical density (OD) of the investigated samples was determined using a monochromatic ELISA reader (Thermo Labsystems Multiskan Ascent) with a 450 nm filter. The result was calculated according to the following formula: OD sample / OD negative control. The cut-off determined by the commercial kit was applied for the interpretation of the results, which were divided into positive, negative or suspicious samples.
For investigation with the Ingezim Cirko IgG kit, each serum sample was diluted 1 : 200, using commercial diluent, and added in wells of a microplate, coated with antigen (PCV recombinant protein). The plate was sealed and incubated for one hour at room temperature. After incubation plate washing followed. Then 100 µl conjugate (specific monoclonal antibody against the porcine immunoglobulins, conjugated with peroxidise) was added to each well and the plate was incubated for 30 minutes at room temperature. Subsequent plate washing was performed. After that 100 µl substrate was added to each well and the plate was incubated for 10 minutes at room temperature, shielded from light. The reaction was stopped by adding 100 µl of Stop Solution to each well. The optical density (OD) of the investigated samples was determined using a monochromatic ELISA reader (Thermo Labsystems Multiskan Ascent or Thermo Scientific Multiscan FC) with 450 nm filter. The result was calculated according to the formula: OD of sample / OD of positive control. The cut-off determined by the kit manufacturer was applied for the interpretation of the results, which were divided into positive, negative or suspicious samples.
Data were analysed using the 95% confidence interval for binomial populations. A t-test was applied to determine statistically significant differences in the number of PCV2-seropositive pigs from different farms in different Latvian regions. The interpretation of serological test results was performed using the Collection of JavaScript E-labs Learning Objects (open source calculator).
RESULTS
The average PCV2-seroprevalence in the study period from 2006 to 2016 was 75.9% among tested pigs (Table 2) . In comparison, the number of PCV2-seropositive animals differed considerably between years of the investigation. The highest number of PCV2-seropositive pigs (94.8%) was in Table 2 ).
Our test results showed that seroprevalence of PCV2 in pigs was similarly high in the regions of Vidzeme, Zemgale and Kurzeme with no significant difference (prevalence of 83.4%, 76.1% and 75.3%, respectively). However, in the Vidzeme region PCV2-seroprevalence among the tested pigs was significantly higher than in Latgale (p < 0.05), where the lowest seroprevalence was found (69.0%; Table 3 and Fig. 1 ). However, there was a high number of suspicious samples in Latgale (11.0%). Animals with suspicious results for PCV2 antibodies were not tested repeatedly. However, repeated investigation might have revealed more PCV-2 positive pigs, significantly increasing the seroprevalence in regions (Fig. 1) . Each region of Latvia has farms of different size. The results of this study showed high number of seropositive pigs in farms of all scale and no significant difference in the seroprevalence of PCV2 between pigs from different scale farms (from 70.0% to 79.7%; p < 0.05; Table 4 ).
DISCUSSION
The serological test results show high seroprevalence in pigs of all Latvian regions (69.0%-83.4%, Table 3 ), it can be suggested that PCV2 is widespread in Latvia. Our results are comparable to those of other studies that have been performed in many countries of the world like Canada, France, Germany, New Zealand, UK and USA, which revealed that seroprevalence of PCV2 in domestic pig populations reaches almost 100% (Tischer et al., 1982; Allan et al., 1994; Tischer et al., 1995; Walker et al., 2000) .
It should be noted that large numbers of PCV2 seropositive pigs can be found not only in farms with PMWS manifestation, but also in farms without PMWS (Segales et al., 2005) . However, the highest seroprevalence of PCV2 in pigs has been observed in farms with PMWS manifestation (Sibila et al., 2004) . Therefore, it cannot be excluded that the high PCV2-seroprevalence (75.3%, 76.1%, and 83.4%) that we have found in the Kurzeme, Zemgale, and Vidzeme regions represent outbreaks of Postweaning Multisystemic Wasting Syndrome in the pig population.
PCV2 can be found in different body excretions, and therefore it is spread easily by aerogene, alimentary and horizontal infection (Madson et al., 2009; Eddicks et al., 2016) . Previous studies showed that PCV2 can be detected by polymerase chain reaction in faeces, urine and saliva samples as well as in mucosal samples of the eyes, nose and tonsils from pigs with and without clinical PMWS manifestation (Yang et al., 2003; Segales et al., 2005; Caprioli et , 2006; Eddicks et al., 2016) . PCV2 was also found in the semen , amniotic fluid (Rodriguez-Arrioja et al., 2002) , oocysts (Bielanski et al., 2004) , fetal and aborted fetal tissue (Pensaert et al., 2004) of experimentally and naturally infected pigs. Horizontal transmission of PCV2 has been proven experimentally (Shibata et al., 2003) , and it has been shown that PCV2 is able to pass the placental barrier and infiltrate the fetus (Park et al., 2005) .
In addition, PCV2 is quite stable following exposure to a wide range of temperatures (O'Dea et al., 2008) and various pH conditions (Kim et al., 2009) . This could explain the high prevalence of PCV2 in the pig population worldwide. However, there might be other transmission routes. Recently, extensive PCV2 DNA was detected from water samples in Brazil, farm air in Canada, house flies in UK, and even in Culex (a kind of mosquito) (6.78%, 4/59 sampling) collected in China (Verreault et al., 2010; Blunt et al., 2011; Garcia et al., 2012; Yang et al., 2012; Zhai et al., 2014) . It should be noted that PCV2 antibody presence has also been observed in wild boars (Vicente et al., 2004; Reiner et al., 2010; Hammer et al., 2012) . It is possible that wild boars serve as a natural reservoir for the virus.
One objective of the study was to investigate the seroprevalence of PCV2 in farms of different size (Table 4) . Farms with pig number up to 10 and farms with more than 5000 animals have different levels of biosafety, housing conditions and herd management. Nevertheless our study has shown no significant difference in the number of PCV2-seropositive animals (p > 0.05) from large-scale, medium-sized farms and small farms (79.7%, 76.9 and 70.0%).
It should be noted that the average seroprevalence of PCV2 in captive wild boars was very high of 84.9% in Brazil (Barbosa et al., 2014) , whereas seroprevalence in hunted wild boar was approximately two times lower in Germany (Hammer et al., 2012) . It is possible that animal density and stress in captive pigs have effect on the virus distribution. Prevention and control of PCV2 infection is mainly related to good management, which includes disinfection of premises between animal groups, reduction of any form of stress, cleaning and dehelmintisation of sows prior to farrowing, etc. (Lopez-Soria et al., 2005; Karuppannan and Opriessnig, 2017) .
On average, PCV2-specific antibodies were detected in 75.9% of the investigated pigs from 2006 till 2016 (Table  2) . However, the number of PCV2-seropositive animals differed significantly between years. The highest numbers of PCV2-seropositive pigs were found in 2009 (94.8%) and 2010 (89.9%). Interestingly, also the numbers of investigated samples were the highest during these two years. This could be associated with outbreaks of PMWS. However, first official case of PCV2 infection in Latvia was in 2007 (Stankevicius et al., 2007) . In this year the first vaccine against PCV2 infection became available (Anonymous, 2017b) .
The lowest number of pigs with PCV2-specific antibodies (38.1%) and the lowest number of samples tested occurred in 2011 (Table 2) . This probably indicates a decreasing interest in PCV2 investigation, therefore improved biosafety, herd management and a vaccination programme for PCV2. However, a recent study showed that PCV2 DNA was detectable in sample material not only from seropositive sows, but also from seronegative sows (Eddicks et al., 2016) . Therefore, seronegative sows can infect piglets.
Good management practice and vaccination decrease PCV2 outbreaks in farm, but it cannot fully eliminate the presence of the virus in the pigs. In the USA decreased PCV2 outbreak occurred due to prevention programmes and widely used vaccination, but despite this, PCV2 DNA was still detected in almost 1 of 4 randomly selected pig tissues (Xiao et al., 2016) . This means that the circovirus-2 can also proliferate in vaccinated pigs and PCV2 outbreak may recur if preventive action in farms is not used.
CONCLUSION
PCV2-specific antibodies in pigs are widespread in Latvia.
Considering the high seroprevalence of PCV2 in pigs in Kurzeme (75.3%), Zemgale (76.1%) and Vidzeme (83.4%), there might be outbreaks of PMWS disease in these regions. There was no statistically significant difference regarding PCV2-seroprevalence in pigs from farms of different size.
